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ABSTRACT

\
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“"The bibliography is an annotated compilation of 435 references
dea’ing with short-term memory. The period of time from 1959
to June 1968 (present) has accounted for the majority of rescarch
in this area, and in accord with this, most of the references
included herein are from this period. The included references
are arranged in alphabetical order by author. An alphabetical
index of pertinent parameters of investigation as well as topics
of interest is also provided., .
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INTRODUCTION

During the past few years, we, along with our colleagues, have been engaged
in psychological research dealing specifically with short-term memory processes.
Immediately apparent was the enormous amount of material written about short-term
memory and the great amount of time that must be spent finding this material. For
many areas of psychological investigation there are concise bibliographies available
that make a literature search much more efficient. The purpose of this bibliography
is to provide such a reference for short-term :...emory.

Although a few papexs appeared prior to 1959, the bulk of research in short-
term memory has taken place since that time. In keeping with this fact, the vast
majority of entries in this bibliography were reported between 1959 and the present.

The number of entries in this bibliograpl. .s limited only by the effectiveness
of a request for reprints for the specific purpose of this compilation. The specific
letter, sent to many of the known researchers in short-term memory, can be found
at the end cf this document. The authors wish that omissions be made known to them
and subsequent reports be sent for future compilation.

The bibliography is an alphabetical listing by author of 435 entries with annota-
tions. The annotations are those cf the individual authors of the respective papers
and are either the abstract or summary statements from the specific reference. We
are not responsible for annotation except where noted. We have elected this method
in order to provide the most exact represertation of what was reported. Those
references included without annotation have been published without abstracts or
summ:ry statements or when published, they were considered too long for inclusion.
Following the last entry is an alphabetical index by topic which lists the inclosed
refercnces by ¥ 2ix namber of appearance.

It is our belief that the present short-term memory bibliography is the most
complete available. The only other known source is a 170 article reference:
Reynolds, D., and Rosenb.att, R. D. Short-term memory: An annotsted bibliography.
Technical Report 5-13, Gecrge Washington University, Human Rescurces Research
Office, December 1965,

The authors wish to thank Dr. R. A. Monty for his patience, tolerance,
encouragement and files,
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1. Aaronson, D. Temporal factors in perception and short-term memory. Psycho-
logical Bulletin, 1967, 67, 130-144.

The temporal course of perception may be an impertant determinant of
errors that occur in immediate recall tasks. The studies reviewed suggest that
the following factors play an important role in perception and short-term memory:
(a) the rate at which stimuli are presented, (b) the duration of the stimuli, (¢} pre-
and posi-stimulus events, Further, the subject's strategies may in part determine
(a) the time elapsing before the various perceptual processes are performed on an
item or (b) the order in which items are processed.

2. Aborn, M. & Rubenstein, H. Information theory and immediate ~ecall. Journal
of Exveriraental Psychology, 1952, 44, 260-266.

The present paper weports an attempt to investigate the influence of the
degree of organization upon the ability of Ss to recall lists of syllables immediately
after learning. A group of Ss was made familiar with a small inventory of nonsense
syllables and later learned various rules of organization, each set of rules vrogres-
sively limiting the syllables which could appear. They then tried to memorize pas-
sages of between 30-32 syllables chosen in conformity with the rules learned previ-
ously. Organizational arrangements cmployed ranged from random order (high av-
erage rate of information) to high urganization (low average rate of information).

). More syllables are correctly recalled from a passage with a lower
average rate of information than from a passage with a higher average rate of in-
formation.

2. Up to a cerxtain degree of organization, between 2 and 1.5 bits per
sylablz, the amount of information learned by the Ss was constant.

3. Beyond a certain degree of organizacion, about 1.5 bits per syllable,
the relationship between the quantity of material recalled by Ss and the average rate
of information contained in that material tended to become disproportionate. Al-
though an increasingly greater number of syllables was rorrectly recalled, the total
amount cf information contained in the syllables was smaller thar in the less orga-
nized passages.

4. Up to a certain degree of organization, the quantity of material wnich
S can recall can be predicted from a knowledge of the average rate of information of
th~ eiven passage and S's level of ability as measured in a passage having a different
average rate of information.
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3. Adams, J. A. & Dijkstra, S. Short-term memory for motor responses. Journal
of Experimental Psychology, 1966, 71, 314-318, ’

Two experiments were conducted on short-term memory for simple lin-
ear, giraded motor responses, with length of retention interval and number of prac-
tice repetitiors or reinforcements as basic variables. The spread of retention in-
tervals was from 5 to 120 sec. for both experiments, and number of reinforcements .
as 1,3, and 6 in Experiment I and 1,6, and 15 in Experimexnt II. Absolute error was
the primary performance measure. Both experiments found error to be an increas-
ing function of retention interval. Number of reinforcements was a significant vari-
able only for the wider range of veolues in Experiment II, with error being a decreas-
ing function of the variable. Results were considered parallel to those of correspond-
ing studies on short-term memory for verbal responses. Interpretation was in terms
of a rapidly decaving memory trace that becomes increasingly stable with reinforce-
ment.

4. Anderson, N. S. Posts:imulus cuing in immediate memory. Journal of Experi-
mental Psychology, 1960, 60, 216-221.

The experiments investigated the effects of poststirnulus cuing on recall
of digits in an immediate memory task. Messages of 12 random numbers read in
groups of 4 digits each were presented by tape recording. The Ss wrote 4-,8-, or
12 digits as indicated by the illumination of combinations of three cuing ligats. The
light cue was presented at various iutervals after the last digit was read. The in-
tervals were: 0 sec. (immediately), S sec., ¢r 30 sec. in Exp. I and O sec., 2 sec.,
or 4 sec. in Exp. II.

Results indicated that (a) performance was highest when using a post-
stimulus cue for recall of only part of the message, (b) performance decreased with
a forced delay between the presentation of the message and the cue for recall, and
(c) performance was highest for the last group of digits read (recency).

5. Anderson, S. B. & Ross, S. Memory for iteins in a matirix. American journal
of P3ychology, 1955, 68, 595-604.

6. Andreas, B. G. & Deutsch, E. Processes of verbal memorizatica revealed in
correct and erroncous recall of words and paralogs. Psychonomic Science,
1905, 2, 381-382.

Paralog ((-V-C-V-C) distortions of real wurd: were memorized in mixed
lists no better than randomly generated paialogs. Reversed words apparently were
unrecognized by most Ss. Errvor patterns permit interences concerning memory en-

coding proresses.

Ss were asked to return the next d:, for "anather experiment in the series.”
They were actually given a 24-hr. unaided recall test, with partial credit again being
offered for partial successes.
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7. Austin, A, W, & Ross, S. Recall of stimulus-items arranged in a square matrix
The American Journal of Psychology, 1956, 63, 668-671.

8. Averbach, E. and Coriell, A, S, Short-term memory in vision. The Bell System

Technical Jourral, 1961, 40, 309-328.

Experiments are performed that demonstrate some of the functional prop-
erties of short-term storage in the visual system, its decay, readout and erasure.
Results indicate that the visual process involves a buffer storage which includes an
erasure mechanism that is local in character and tends to erase stored information
when new information is put in. Storage time appears to be of the order of one-
quarter second; storage capacity is more difficult to assess.

9. Averbach, E. & Sperling, G. Short term storage of inforrnation in vision. In C.
Cherry (Ed.), Information Theory. London: Butterworth & Co., 1960, Pp, C6-
211,

The work described in this paper shows that the visual process involves
a buffer storage of relatively high capacity that can take in informaticn virtually in-
stantaneously and retain it to permit its relatively slow utilization. By making use
of sampling techniques and the erasure characteristics of the storage, the following
properties were demonstrated:

(1) The capacity of the storage is high compared to the 20-25 bits ob-
tained in span of immediate-memory. The experiments showed that 70 bits could be
stored, but this is still only a lower bound on the capacity since different arrange -
ments might well have produced higher figures.

(2) The decay time depends upon pre- and post-exposure conditions as
weil as on the exposure itself. The measured decays varied from 1/4 sec. to several
seconds.,

(3) The spatial resolution of the storage is disturbed when too many let-
ters are put in. A 2 X 8 array is enough tc demonstrate this cffect.

(4) The storage is crasable; new information erases previously siored
information.

(5) The storage may be read out rapidly up to abont five itenis, e ind-
tial rate during such a reading burst being of the order of 100 items per see.,




10. Baddeley, A. D. Immediate memory and the "perception” of letter sequences.
The Quarterly Journal of Experimental Psychology, 1964, 16, 364-367.

It is suggested that the relationship observed by Miller, Bruner and
Postinan (1954) betwesn the redundancy and the accuracy of reproduction of tachis-
toscopically presented letter sequeaces is not a perceptual effect as they suggest,
but is due to the informational limitations of immediate memory. An experiment is
performed which shows aa exactly similar relationship between redundancy and num-
ber of letters correctly reproduced when exposure time is long enough for the sub-
ject to read out, and hence perceive, all the material with complete accuracy. It is
concluded that the more redundant the leiter sequence and the longer the exposure
time, the more effectively the sequence can be coded and the better it will be re-
called.

11. Baddeley, A. D. Language -habits, S-R compatibility, and verbal learning.
American Journal of Psychology, 1964, 77, 463-468.

It was predicted that pairs of nonsense -syllables which fit together to
give a letter -combination occurring frequently in English (compatible pairs) would
be learned more rapidly. thar pairs which combine to give a less probable letter -
sequence (incompatible pairs). li Experiment I, eight pairs of syllables were so se-
lected that in one order they formed a compatible pair (e.g. QEM POG), but when re-
g versed became relatively incompatible (POG QEM, MP being more frequent in English
‘ than GQ). Experiment II was concerned with serial learning; it used ten 8-item lists,
each of which formed a compatible sequence of syllables in one order, but a relatively
incompatible sequence when reversed. In both experiments, the compstible material
was learaed significantly more rapidly than the incompatible., Meaningful associa-
tions dix not appear to be an important factor in either study. it is suggested that
nonsense -syllable learning may be regarded as the acquisition of a motor-skill in
which S transfers from his established language -habits to a new sequence of verbal
responses. A competible sequence, being similar to the language in sequential struc-
tare zilows inore positive transfer and is thus learned more readily.

12, Baddciey, A. D. Short-terrn memory for word sequences ig a functica of acous-
tic, sermantic and formal similarity. The Quartterly Journal of Experimental
Psychology. 1966, 18, 362-465.

sxperiment ! studicd short-term memory (STM) for auditorily presented
five word scquences as a function of acoustic ardl semantic similarity. Therc was a
large adverse cffect of acoustic similarity on STM (72.5 per c.nt) which was signif-
icantly greater (p < 0.001) than the small (6.3 pur cent.) but reliable etfect (p < 0.05)
of semantic similarity.
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Experiment II compared STM for sequences of words which had a simi-
lar letter structure (formal similarity) but were preuounced differently, with acous-
tically similar but formally dissimilar words and with control sequences. There
was a significant effect of acoustic but not of formal similarity.

Experiment III replicated the acoustic similariiy etffect found in Experi-
ment I using visual instead of auditory prcsentation. Again a large and significant
effect of acoustic similerity was shown.

13. Baddeley, A. D., Conrad, R., & Thomson, W. E. Letter structure of the
English language. Nature, 1960, 186, 414-416.

14, Badceley, A. D., Conrad, R., & Hull, A. J. Predictability and immediate mem-
ory for consonant sequences. The Quarterly Journal of Experimental Psychol-
9_&1} ]965, !-Z_a 175'177.

Two measures which have been shown to predict the ease of learning
trigrams, namely log letter frequency and sequential predictability, were applied to
data from an experiment on short term memory. This involved the immediate re-
call of 120 six-letter consonant sequences which were presented visually one letter
at a time. A significant correlation was found between the probability that a given
sequence would be recalled correctly and both its mean log letter frequency (r = 0,308,
p < 0.001), and its mean predictability {r = 0.393, p < 0,001). Partial correlation
showed only a marginally significant effect of log letter frequency when predicuability
was partialled out (r = 0,161, 0.05 < p < 0.1). With log letter icrequency partialled
out, however, a reiiable correlation between predictability and recall score remained
(r =0.300, p < 0.00y).

1S. Baddeley, A. D. & Dale, H. C. A. The effect of semantic similarity on retro-
active interference in long- and short-term memory. Journal of Verbal Learn-
ing and Verbal Behavior, 1966, 5, 417-420.

Experiment [ showed Rl effects in long-term memory for pairs of ad-
jectives in the classical RI paradigm (Learn A-B, Learn A'-C, Restest A -B, where
A and A’ are »djcctives with similar meanings). Experiment Il tried te show com-
parable Rl cffects in short-term memory. Sequences of three pairs were presented
once and tested immediately. As in Exp. I, pairs of adjectives were used, with ex-
perimental trials cowraining pairs with semantically similur stimuldand comrol crials
comprising pairs with dissimilar stimuli. Thire was no significant diference be-
tween recell of RY jtems and their controls. Experiment IIl extended this srudy to
lists of 2, 4 and 6 pairs. Again there was no reliable evidence for Rl effects of the
type shown in long -term memory,

16. Bartz, W, H. Short-term mcmory for scquential tasks: The efects of strategy
instructions, interpolated tasks, and repeated presemtations. Faper read at
Midwestern Psychological Assoclation, Chicago, April 1965,
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17. Battig, W. F, & Brackett, H. R. Comparison of anticipation and recall methods
in paired-associate learning. Psychological Revort. 1961, 9, 59-65.

Each of 40 Ss learned two lists of shape-number pairs, one under the
traditional anticipation method, the other under a recall method in which the presen-
tation of the pairs and of the stimuli alone for recall represented temporallv discrete
series. Performance under the recall mcthod was markedly superior to that under
the anticipation method. Since a principal difference between the two methods lies
in the fact that the immediate knowledge of results provided by che anticipation meth-
od is absent under the recall method, the results present difficulties for reinforce-
ment principles as applied to complex human learning, and raise serious questions
as to the general usefulness of the type of teaching machine currently on the market. )

18, Bjork, R., LaBerge, D., & Legrand, R. The modification of short-term memory
through instructions to forget. Psychonomic Science, 1968, 10 (2), 55-56.

This study wes designed to investigate whether Ss could reduce the pro-
active interference of a first verbal item (CCCC) if they were signalled just prior to
the presertation of a second item that they could forget the first item. Recall of the
second of two CCCC items inserted in a series of digits was better when Ss were
told to "drop" the first item then when there was no such instruction, but it was not
as good as recall when only one item was presented.

19. Blackwood, R. O. & Link, J. M. A method for observing rehearsal and natural
language mediation in short-term memory. Psychonomic Science, 1968, 10 (8),
287-289,

In a short-term memory (STM) study a modified "think aloud” method,
using automated operant conditioning with points as reinforcers, effectively sup-
pressed covert rehearsal but permitied overt rehearsal. Recall efficiency under
modified think aloud conditions, with rehearsal and natural language mediators observ-
able, did not differ significantly from recall efficiency under the silent condition.

The new method may make possible observatiorn of verbal mediation in STM and oth-

er verbal learning experiments,

20. Blankenship, A. B. Memory span: a review of the literature. Psycholegical
Bulletin, 1938, 35, 1-25.

Though 146 references are listed in the bibliography, it i1s appalling to
note how little real knowledge there is in the field of memory span. Practically all
of the questions raised in the present paper have to remain unanswered; many re-
searches have been undertaken, but few facts have been proved.

Tt has been pointed out throughout the paper that the primary causes for
this state of affairs are the widely diverse methods of administering the test, the
many kinds of materials used, the different groups of subjects vsed, the methods of
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scoring, etc. The question of whether or not memory span is a specific ability is
essential: the effect of other factors cannot be answered until this is determined.
For if memory span is a specific ability, it seems obvious that investigators using
different materials and methods can expect only to get different answers to the same
questions.

Probably the one thing most experimenters do agree on is a functional
definition of memory span. But for other questions there are all sorts of answers.
We do not know whether memory span is a specific or a general trait. We are sure
that memory span is affected by certain extrinsic and by certain intrinsic factors, but
we are not sure just what to include under each list, since all sorts of results have
been claimed for any cne variable.

Oddly enough, however, the test has been shown to have a fairly high re-
liability, and clinical investigators think enough of it seldom to omit it in an exam-
ination. It is favored by clinical investigators because of its close relation to intel-
ligence (which has been fairly definitely shown), its simplicity, its brevity, and its
lack of emphasis on language ability.

But, nevertheless, the whole field is wide open for a real experimental
attack, for there is not a single aspect of the subject which is a closed chapter.

21. Blick, K. A. Cultural primaries as a source of interference in short-term ver-
bal retention. Journal of Experimental Psychology, 1965, 69, 246-250.

Kent-Rosanoff stimulus words were separated into 3 categories having
different cultural probabilities of producing R; (primary), Ry (secondary), or R3_j
(sum of R, to R ). The average cultural probabilities of R, for the 3 categories
were .14, .32, and .73. A proaction design (Training A, Training B, and Test B)
with 60 Ss per category was used. Training consisted of a list of 5 R; words followed
by a list of 5 corresponding Ry words. After 120 sec. of vowel cancellation, Ss were
tested for recall of the R, words in the presence of the 5 stimulus words correspon-
ding to the R; and Ry words of training. Intrusions of Ry words were found to be
strongly related to the cultural probability of R;. This finding was interpreted as
the most solid empirical demonstration we have that language habits can interfere
greatly in short-term retention.

22, Borkowski, J. G. Interference effects in short-term memory as a function of
level of intelligence. The American Journal of Mental Deficiency, 1965, 70,
458-465.

This study was designed to assess the interaction between proactive in-
terference (PI) and IQ in short-term memory (STM). Results indicated that the de-
cline in STM at long retenticen intervals (e.g., 15 sec.) was greater for low IQ and
retarded groups than for high IQ and MA control groups. It was concluded that indi-
vidual susceptibilities to PI effects in STM are related to IQ.

R




e

%

i

23. Borkowski, John G. Distributed practice in short-term memory. Journal of
Verbal Learning and Verbal Behavior, 1967, 6, 66-72.

The similarity of short-term memory (STM) to long-term memory (LTM)
and acquisition (ACQ) was assessed in terms of the operation of common variables,
massed (MP) and distributed practice (DP). Two basic transfer paradigms, A-C and
C-B, were used to identify the nature of the interference among four transfer pairs
in experimental lists. Control lists were designed so that interpair interference was
at a minimum. The first and fourth pairs within each list were presented twice under
MP (0 sec) or DP (24 sec) conditions and tested after 0, 15, or 45 sec. In both para-
digms, recall of pair four under DP was significantly superior to recall under MP at
retention intervals of 15 and 45 sec, irrespective of type of list construction (exper-
imental or control). This result indicates that DP in STM does not operate in an
analogous way to DP in LTM or ACQ. Proactive interference was shown to be a
major variable in producing decrements associated with STM.

24. Borkowski, J. G. & Eisner, H, C. Meaningfulness and abstractness in short-
term memory. Journal of Experimental Psychology, 1968, 76 (1), 57-6l.

Three experiments were conducted to investigate the effects of word
meaningfulness (m) and abstracti:ess (a) in short-term memory (STM). Recall for
sets of words was tested after short /3 o 4 sec.) or long (18 or 20 sec.) retention
intervals. The number of sets prior to any recall period defined the amount of pro-
active interference (PI). Results indicated that abstractness had a significant effect
on the course of STM when varied independently of m and frequency. In contrast, m
effects were significant caly when a was not controlled. The differences in STM for
high-m-low-a and low-m-high-a materials were not dependent under the development
of PI. Decay of the memory tract as well u4s PI were considered in attempting to ex-
plain the operations of m and a in STM,

25. Bousfield, W. A. & Cowan, 1. M. Immediate memory spans for cvc trigrams.
Journal of General Psychology, 1964, 70, 283-293.

Immediate memory spans were obtained for groups of homogencously
meaningful CVC trigrams selected so as to sample the entire range of Archer's
norms. The items at the lowest level were nonsense syllables of the lowest possible
association value. At the opposite extreme were highly meaningful threce -letter
words. The design of the study involved the use of two types of instiuction, the first
calling for the ordering of recall and the second calling for free recall, For each
type of instruction there were two modes of recall: namely, spelling and pronuncia-
tion, The Ss were four groups of undergraduates, one group for cach of the experi-
mental conditions. The data indicated that pronunciation yiclded appreciably "igher
memory spans than spelling. There were no differences in the magnitudes of em-
ory spans attributable to the change in instructions from thosc calling for ordered
recall to those calling for frec recall. In spite of the freedom permitted in the in-
structions for free recall, the Ss tended to reproduce the iteins in the order of their
presentation, ‘The functional relationship between tne spans and the levels of mean-

10
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ingfulness was linear for the Ss who pronounced the trigrams in their recall. On the
other hand, there was an apparent tendency for the spans to increase with meaning-
fulness at a positively accelerated rate when the Ss spelled the items. An attempt
is made to relate these findings to a group of tenable theoretical assumptions.

26. Bower, G. H. & Bostrom A. Absence of within-list PI and RI in short-term
recognition memory. Psychonomic Science, 1968, 10(6), 211-212.

Tests were conducted for specific retroactive and proactive interference
in short-term recognition memory for paired-associates. Ss studied a set of 17
bigram-digit pairs, some bearing an A-B, A-C relation to each other, some an A-B,
A-P relation, and some were A-B, D-C control items, Following one study trial, S
rated selected pairs (half correct, half incorrect) according to his confidence that
the pair had been presented in the study lits. Repetition items were recognized bet-
ter than the others, but the RI and PI items were recognized with the same accuracy
as tneir respective controls. The results suggest that the A-B and A-C pairs are
stored indeperdently, and that recognition of either pair is by comparison to a com-
mon criterion of strength, independent of other associates to the stimulus term.

27. Bregman, A. S. Is recognitior memory all-or-nonc? Journal of Verbal Learn-
ing and Verbal Behavior, 1966, 5, 1-6.

The retention of partial information concerning paired associates was
shown as follows. After one paired presentation of either short word-short word
pairs or simple design single letter pairs, adult Ss were provided with all the stim-
uli and responses and asked to match them. They were then asked to give a second
guess by rearranging only the pairings that had been wrong on the lst guess. Better-
than-chance matching on the 2nd guess showed that some information about the pair-
ings was present in spite of the crror on the Ist guess. The results disconfirm the
idea that connections among short words, single letters or conventional designs must
be learned all-or-none in a recognition task.

28, Bregman, A. S. & Chambers, D. W. All-or-none learning of attributes. Jour-
nal of Experimental Psychology, 1966, 71, 785-793.

Partial learning may simply involve attributes (descriptions) of the mate -
rial being lcarned all-or-none. An cxperiment, therefore, biased 41 college student
Ss in favor of encoding visual displays in terms of 3 experimentally defined attributes.
After Ss reconstructed a greup of such visual figures out of a fixed set of component
attributes, they were told which attributes had been incorrectly assigned and were
given a second guess. Where Ss had indeed encoded the figures in terms of the 3
attributes, 2nd guesses were random. When they did not, 2nd guesses contained in-
formation {(p = ,01). The results are interpreted to mean that attributes are either
learned all-or-none, or cross a thresheld in an «ll or-none tashion,

11
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29, Brelsford, J., Jr., Freund, R. & Rundus, D. Recency judgments in a short-
term memory task. Psychonomic Science, 1967, 8(6), 247-248.

On each trial of a short-term memory task, Ss were required to give
the correct response to a paired-associate stimulus and to estimate the number of
trials intervening between study and test on that stimulus. On trials where an in-
correct paired-associate response was made, judgment of the number of intervening
items was relatively independent of the actual number of intervening items. On trials
where a correct paired-associate response was made, judgment of the number of
intervening items was accurate for recent items but incorrect for more distant items.

30. Broadbent, D. E. Short-term memory. New Scientist, 1962, 16, 20-21.

31. Broadbent, D. E. Techniques in the study of short-term memory. Acta Psycho-
logica, 1965, 24, 220-233.

32. Broadbent, D. E. Recent analysis of short-term memory. Symposium on
"Short-Term and Long-Term Memory" at International Congress of Psychology,
Moscow, U.S.S.R., August, 1966.

33. Brown, ]J. Some tests of the decay theory of immediate memory. Quarterly
Journal of Experimental Psychology, 1958, 10, 12-21.

The hypothesis of decay of the memory trace as a cause of forgetting has
been unpopular. The reasons for this unpopularity are criticized and a theory of the
memory span, based on this hypothesis, is put forward. Three experiments which
test the hypothesis are described. In each, two kinds of stimuli are presented to the
subject, viz., "required" stimuli, which he attempts to remember, and "additional"
stimuli, to which he merely makes vesponses. The first experiment will show that
even when the number of required stimuli is well below the memory span, forgetting
occurs if the presentation of additional stimuli delays recall for several seconds. The
second shows that the effect of the additional stimuli depends only slightly on their
similarity to the required stimuli: it also shows that their effect is negligiol> when
they precede, instead of follow, the required stimuli. The thir! skews that the effect
of additional stimuli interpolated before recall remains consid. r bl :ven when there
is an interval of several seconds between presentation of requirad ard additional
stimuli.

34, Brown, J. Information, redundancy, and decay of the mcniory trace. Mecha-
nization of thought processes. Proceedings of a symposwim held at the Nation -
al Physical Laboratory on 24-27 November, 1958, (National! Physical Labora-
tory Symposium No, 10) London: Her Majesty's Stationery Office, 1959, Vol.
2, Pp. 731-745,




A new form of an old theory of memory will be elaborated. The essence
of the theory is that the memory trace is subject to decay (decrease in the signal-to-
noise ratio) but that the effect of decay depends (1) on the amount of initial recundancy
in the trace, (2) on the coding of information in the trace, (3) on the infoxmation avail-
able from other traces. With appropriate assumptions, the theory seems able to pro-
vide possible explanations of many of the rather complex facts of human learning and
forgetting. The paper will include a discussion of the nature of the memory span.

35. Brown, J. Short-term memory. British Medical Bulletin, 1964, 20, 8-11.

Possible mechanism.

Possible causes of forgetting,

Decay of the memory trace.

. Interference with the memory trace.
. Inaccessibility of the memory trace.
. Is there a special short-term score?
. Conclusions
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36, Bruning, J. L. & Schappe, Q. H. Type of interpolated activity and saort-term
memory. Psychological Reports, 1965, 16, 925-929.

This study was designed to determine the effects of retention interval
(0,4,8, or 16 sec.), trials, and type of interpolated material (nothing, numbers,
consonants, or CVCs) on STM. The results indicated that: (1) retention is inversely
reiated to similarity of rest and interpolated items, and (2) similarity interacts with
both length of the retention interval and the number of practice trials.

37. Bruning, ]J. L. & Schappe, R. H. Type of interpolated activity and short-term
memory: anote. Psychological Reports, 1965, 17, 256.

38. Bryden, M. P. The manipulation of strategies of report in dichotic listening.
Canadian Journal of Psychology, 1964, 18(2), 126-138.

Three experiments on dichotic listening, using a free recall procedure,
were carvied out. The first experiment demonstrated that much the same strategies
of report arc used with words and with numbers. The second experiment indicated
that verbal associations between the various elements in the series can influence the
recall strategy, while the final experiment showed that the use of the same number on
both channels at the same time can lead to a shift from one channel to the other. The
experiments provide support for a fading-trace theory of immediate memory, but
fail to provide any conclusive evidence to support a concept of switching time. It is
suggested that th e organization of a set of simultaneously available stimulus traces
may be viewed as a retrieval process, dependent upon the spatial, temporal, and
associative relations between the traces.
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39, Bryk, J. A., & O'Connell, D. C. Immediate recall as a function of grammati-
cal structure and mode of presentation. Psychonomic Science, 1967, 8(10),
437-438. -

Immediate wriiten recall of nonsense strings was studied in a 3 by 2 fac-
torial design: structure (none, morphology, morphology and syntax) and mode of
presentation (vertical and horizontal). Each S recalled a string to criterion of two
errorless trials in at least 10 trials, Measures of recall indicated less trials in at
least 10 trials. Measures of recall indicated facilitation by structure in both modes
of presentation. Muitiple comparisons revealed no differences between the two levels
of structure. Serial position of first written response differentiated modes of pre-
sentation in the nonstructured ce- dition.

40. Buschke, H. Relative retention in immediate memory determined by the miss-
ing scan method. Nature, 1963, 200, 129-1130,

41, Buschke, H. Impairment of short-term memory. Neurology, 1965, 15, 913-918.

A study of differential impairment of short-term memory is presented,
centering about the question of kinds of information stored and retrieved. True serial-
order recali, an example of retrieval ordered according to characteristics of pre-
sented everts, is compared with same -order recall, which is an example of retrieval
ordered according to characteristics of the presentation (order). The finding that
some brain-damaged patients show differential impairment of same -order recall is
interpreted as consistent with the assumption of at least 2 types of short-term mem-
ory, although it is not yet clear whether these are 2 types of storage or 2 tvpes of
retrieval. In either case it appears that what is retained in short-term storage may
be information about how to retrieve another kind of information from long-term
storage, and that analysis of memory impairment requires consideration of the kinds
of informatior. involved.

42. Buschke, H. Types of immediate memory. Journal of Verbal Learning and Ver-
bal Behavior, 1966, 5, 275-278.

This study compares retrieval from immediate memory by same -order
and true serial-order reca'l. The present findings arc consistent with oredictions
based on the assumption of an order-dependent address storage for same -order re-
call and a marker storage which is not order dependent for true serial-order recall.
Until certain alternative assumptions are evaluated, it is not clear whether these
results imply two types of retricval from a common storage, or two types of storag,

43. Buschke, H. Two kinds of short-term storage. Psychonumic Scicnce, 1907, 8(103,
419 -420,

The hypothesis that same -order and natural serial-order recall of num-
bers usc a common short-term storage was tested by requiring cither samwe -order or
serial-order recall on two successive presentations of the same sequence. The res
sults show the use of two different short term storages, retaining information which
refers to appropriate roesponses in long -term storage.,
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44. Buschke, H. Perceiving and encoding two kinds of itera-information. Perception
and Psychophysics, 1968, 3, 331-335.

Perception and encoding of item -information about the occurrence of sim-
ple, well-known events (numbers) for retrieval by either same-order recall or serial-
order recall was investigated by specifying kind of recall to be used either before or
after perception and encoding. Both same-order and serial-order recall were less
when kind of recall was specified after presentation, but serial-order recall decreased
more than same -order recall. These results indicate that the same numbers may be
perceived differently for same-order or serial-order recall: different kinds of item-
information may be encoded either in terms of presentation characteristics (serial
position for same -order recall) or event characteristics (ordinal position for serial-
order recall),

45. Buschke, H. & Lim, H. Temporal and interactional effects in short-term stor-
age. Perception and Psychophysics, 1967, 2 (3), 107-114.

The operation of temporal and interactional processes in short-term
storage was studied under conditions which require that information about all items
presented by stored and the relative retention of all be evaluated concurrently, but
preclude further interference after presentation by testing or retrieval effects. Ran-
dom sequences of twelve two digit numbers from a known set of thirtcen were pre-
sented visually at 1, 2, or 4 per sec. for full interval and .25 sec. presentation dura-
tions to 15 Ss who reported the missing number that was not presented from the set.
For 1/sec. full duration presentations the missing scan serial position error distribu-
tion shows a linear decrease in errors from first through last presented items. As
rate of presentation increases there is a linear increase in total errors, a linearly
increasing primacy effect, and an increase of errors over at least the last half of the
sequence suck: that the error distribution remains linear with the same slope. These
findings are compatible with the operation of time dependent interactional and percep-
tual processes in short-term storage but not with autonomous decay.

46. Bushke, H. & Lim, H. Short-term storage of repetitions of two items. Psycho-
nomic Science, 1967, 7 (8), 277-278.

Correct choice of the more frequent of two items presented in random
sequence appears to be a function of the absolute, rather than the relative difference
in number of repetitions of the items. When the absolute difference was held con-
stant at one or five repctitions, proportions of correct choices remained constant as
sequence length increased (and relative difference decreased), and was greater for
an absolute difference of five than one. This suggests that such choice may depend
on evaluation of the relative values of independent short-term traces for cach item,
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47. Cimbalo, R. S. & Laughery, K. R. Short-term memory: Effects of auditory
and visual similarity. Psychonomic Science, 1967, 8 (2), 57-58.

The effects of five variables on short-term memory for lctters were
studied: Auditory Similarity, Visual Similarity, Presentation Rate, Sequence Length,
and Blocks of Trials. Performance varied directly with Presentation Rate and in-
versely with Sequence Length and Auditory Similarity. Performance improved over
blocks with high auditory and high visual similarity, and decreased under the low con-
ditions of these variables. The improvement is attributed tu learning to ignore re-
dundant cues and attend to dues that permit discrimination. The decrement is attrib-
uted to fatigue and/or waning attention.

48, Clark, H. J. Recognition memory for random shapes as a function of complexity,

association value, and delay. Journal of Experimental Psychology, 1965, 69,
$90-595.

Twelve groups of 24 Ss each were examined on ? tests at 3 delays for
recognition accuracy of random shapes having 2 levels of complexity and Z levels of
association value (A). A measure of form coding was also taken. Forms of high
A were more accurately recognized than forms of low A, aud a 2nd recognition test
on the same forms resulted in a practice effect for simple but not for complex forms,
All delay effects were insignificant. Complex form coding was positively related to
A. Simple form coding was infrequent and not related to A. Coding was positively
related to recognition accuracy for complex forms only. Conclusions were: (a) Ss
probably stored an uncoded image of the entire shape of simple, but not of complex
forms; (b) complex forms were presumable remembered by making associations to
them.

49. Cohen, B. H. An investigation of recoding in free recall. Journal of Experimen-
tal Psychology, 1963, 65, 368-376.

Four studies were conducted to evaluate G. A. Miller's chunk hypothesis.
70-word lists comprising 10 exhaustive and 10 nonexhaustive categories of words were
presented for free recall. The results indicated that: (a) whether category recall
was inferred from word recall or measured directly, between 10 to 14 categories
were represented in recall; (b) significantly more words of exhaustive categories
were recalled; (c) the 2 category typcs were used equally in recall; (d) there was a
strong tendency to cluster related words in recall; and {e) an index of {nteritem
associative strength, derived from word assoclation norms, discriminated differences
in recall between the 2 category types and was significantly related to within-category
recall. The results were interpreted as proving support for Miller's position regard-
ing recoding.
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50. Cohen, B. H. Recall of categorized word lists. Journal of Experimental Psy-
chology, 1963, 66, 227-234.

According to Miller's chunk hypothesis, the number of word categories
(chunks) represented in the immediate word recall of a list of 20 categories of words
should be the sume as the number of words recalled from a list of 20 unrelated words.
Using a design involvirg list lengths of 10,15, and 20 chunks and 3 types of word lists
(2 categorized and 1 unrelated), the hypothesis was supported--but only if the lists
were matched for total presentation time. An index of interitem associative strength,
derived from word association norms, showed significant correlations with within-
category word recall but was not related to chunk recall.

51, Cohen, B. H. & Hut, P, A. Learning of responses to simulus classes and to
specific stimuli. Journal of Experimental Psychology, 1963, 66, 274-280.

To test Miller's chunk hypothesis, the performance of Ss who learned a
common numbeyr response to each of 8 categories of 3 words was compared with that
of Ss who learned control lists of 8 word-number pairs. Performance of Ss who
learned number responses to Exhaustive word categories, i.e., categories whose 3
words represent all (or nearly all) the words belonging to the category, did not ditfex
significantly from that of control Ss. Performance of Ss who learned number responses
to Ncnexhaustive word categories, i.e., categories whose 3 words represent a small
sample of the words belonging to the category, differed significantly (p < .00l) from
both the control Ss and Ss presented with the Exhaustive categories. The results
were interpreted as providing support for Miller's views regarding verbal recoding.

52. Cohen, R. L. The differential effect of stimulus intensity on rehearsed and un-
rehearsed material in short-term auditory memory. Canadian Journal of Psy-
chology, 1967, 21/4), 277-284.

The effect of varying the stimulus intensity (loudness) on the recall of
9 -digit sequences, auditory presenteu, was investigated using two presentation rates.
At 1 digit/sec. and with instructions for 3,3, and 3 rehearsal grouping, stimulus
intensity was found to be a variable oniy in the case of the last 3 digits, which accord-
ing to rehearsal instructions were unrehearsud. No effect was found on the first six
(rehearsed) digits. At 4 digits/sec., a rate too fast for systematic rehvarsal, the
stimulus intensity affected the recall of the first six digits as well of the last three,
These results are discussed in relation to the question of whether or not the stimulus
memory trace and the rehcarsal memory trace should be regarded as two separate
entitles. The question of prescntation rate and pexformance is aiso briefly discussed,
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53. Cohen, R. L. and Johansson, B. S. Some relevant factors i. the transfer of
material from short-term to long-term memory. The Quarterly Journal of
Experimental Psychology, 1967, 19, 300-308.

The relationship between short-term memory (STM) and long-term mem-
ory (LTM) for digits was investigated by means of a Hebb-type experiment, viz. a
presentation of a series of nine -digit numbers, in which a certain number recurs at
intervals., Improvement in performance, with regard to the critical, or recurring,
number was found when the rehearsal grouping was three-three -and three, but was
absent when there were no opportunities for rehearsal or when the rehearsal strategy
was grouping five -and-four or searching for systematic numbers.

However, if an overt recall response was given on each occasion the rc-
curring r:mber was presented, improved performance was found even with rehearsal
strategy five-and-four.

The conclusion was drawn that rehearsal is the main transferring mecha-
nism from STM to LTM, with the occurrence of an overt recall response as a sub-
sidiary factor.

54. Cohen, R. L. & Johansson, B. S. The activity trace in immediate memory:
A re-evaluation. Journal of Verhal Learning and Verbal Behavior, 1967, 6,
139-143, '

Both Hebb and Melton have shown that the ability to repeat a given nine -
digit oumber improved when this number recurred several times in a series of such
numbers, Learning had taken place. This improvement was also found by the pre-
sent authors using approximately the same precedure as Hebh, but only where an
uvert response was involved, Where no overt response was involved, no improve -
ment in performance was fouad.

When recognition rather than reproduction was used, some evidence of
learning was found in the absence of an overt response, but this resuit should be
treated with caution since the majority of Ss, on theit own admission, concentrated
on trying to recognize only the first, or the first and the lst, digit. The attempted
retention of subspan units (first or first and last diy;it) in immediate memory cannot
be compared with that of supraspan units (all nine ligits).

55. Cooley, R. K. & McNulty J. A. Recall of inuividual CCC trigrams over short
intervals of time as a function of mode of presentation. Psychonomic Science,
1967, 9 (10), 543-544.

A number of CCC trigrams were presented one at a time to Ss over a pe-
riod of fzur days. Using Peterson and Peterson's technique, recall of the items was
tested after varying retention intervals. On cach day half of the trigrams were pre-
scnted aurally and the other half visually. Results of the study showed that recall
following short retention intervals was better when the mode of presentation was au-
ditory. At longer intervals recall cither tended to be better when the items were pre -
sented visually or did not diffesr hetween the two modes of presentation,
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56. Conrad, R. Accuracy of recall using keyset and telephone dial, and the effect
of a prefix digit. Journal of Applied Psychology, 1958, 42, 285-288.

A test of immediate memory for eight -digit messages was given to 24
female telephone operators, using four different recall conditions. It was found that
the presence of a redundant prefix significant.y worsened recall. When the message
was transcribed onto a 10-digit keysender, recall was not significantly better than
when transcribed onto a telephone dial. But when a prefix digit was introduced, the
dial proved to be an inferior method of transcription. It would seem that at ebout
the level of difficulty when more than half the messages would be forgotten, recall
would be improved by use of keysender rather than telephone dial.

Recall errers were analyzed digi: by digit. All errcrs could be classified
into order errors and omissions. No evidence was found that certain digits would be
systematically confused with certain others.

57. Conrad, R. Acoustic confusions in immediate memory. British Journal of
Psychology, 1964, 55, 75-84.

Sequences of 5 letters of the alphabet were visually presented for imme-
diate recall to 387 subjects. Errors showed a systematic relationship to original
stimuli. This is held to meet a requirement of the decay theory of immediate memory.

The same letter vocabulary was used in a test in which subjects were
required to identify the letters spoken against a white noise background. A highly
significant correlation was found between letters which corfused in the listening
test, and letters which confused in recall.

The role of neurological noise in recall is discussed in relation to these
resuits. It is further argued that information theory is inadequate to explain the
memory span, since the nature of the stimulus set, which can be defined quantita -
tively, as well as the information per item, is likely to be a determining factor.

58. Conrad, R, Short-term memory factor in the design of data-entry keyboards:
an interface between short-term memory and S-R compatibility. Journal of
Applied Psychology, 1966, 50, 353-356.

An experiment on immediate recall of 8-digit sequence was carried out,
Mode of recall was via a data-entry keyboard. 2 keyboard layouts were used, 1 of
high, 1 of low compatibility. The low-compatibility keyboard required more time
for entry and gave more errors. These extra errors were identified as being pri-
marily memory rather than aiming errors. The results are discussed in terms of
an interface between short-tcrm memory and S-R compatibility; they are held to
support a memory model involving a limited-capacity channel, and a practicai design
conclusion is suggested.
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59. Conrad, R. Interference or decay over short retention intervals? Journal of

Verbal Learning and Verbal Behavior, 1967, 6, 49-54.

It is well established that if a formally noninterfering task which minimizes

rehearsal is interposed between presentation and recall of a short consonant sequence,
recall lessens as retentior interval is increased. Superficially, this appears to be a
classical example of - 2cay. Keppel and Underwood have proposed an alternative ex-
planation in interference-tieor; terms suggesting that forgetting in this paradigm is
due to proactive interference from extinguished associations from prior trials which
recover during the rctention interval.

An experiment was carried out which varied reteation interval after four
consonants had been presented. More forgetting occurred as a result of the longer
interval, but the main dependent variable was the nature of "intrusions.” For peither
the short nor long interval were wrong letters equiprobable, errors tending to be
acoustically similar te the correct letter. But the d.stribution of long-interval errors
tended more towards random than did that for the short interval. It is argued that
the difference in error distribution between short and long interval is incompatible
with the Keppel and Underwood explanation. A modification or decay theory is pro-
posed which regards decay as a loss of discriminative characteristics (in the present
case acoustic), and recall as a process involving discrimination of available traces.
This model would be supported by the error-distribution data.

60. Conrad, R., Baddeley, A. D., & Hull, A. J. Rate of presentation and the
acoustic similarity effect in short-term memory. Psychonomic Science, 1966,
5 (6), 233-234.

Ss attempted to recall sequences of six consonants drawn from either an
acoustically sirailar set BC D GP Q T V), or from a relatively dissimilar set
(HKMPRS WY). Letters "vere presented visually at a rate of 60 or 120 ietters
per minu.e. Perforinance was impaired by acoustic similarity (p<.001) but there
was no effect of rate of presentation and no interaction between rate and similarity.
This cdoes not support a limited channel capacity interpretation of the acoustic sim-
ilarity effect.

61, Conrad, R., Freeman, P, R., & Hull, A. J. Acoustic factors versus language
factors in short-term memory. Psychonomic Science, 1965, 3, 57-58.

Forty five Ss recalled 6-consonant sequences immediately after ‘etter by
letter visual presentation. The main factor contributing to ease of recall was within-
sequence acoustic confusability, Language habits were relatively unimportant.
Single-letter language frequency was unrelated to recall; second order effects made
a small but significant contribution.
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62. Conrad, R. & Hille, B. A. The decay theory of immediate memory and paced
recall. Canadian Journal of Psychology, 1958, 12, 1-6.

Immediate memory for 8-digit numbers was tested under novel conditions
invelving naced and unpaced recall. The method was such that the interval between
presentation and recall of digits could be varied without introducing an interpolated
task. It was founc that increasing the interval between presentation and recall in-
creased errors, that unpaced recall was superior to paced recall, and that fast pre-
sentation rate led to fewer errors than slow rate. The findings are interpreted as
supporting the theory that in the absence of rehearsal, memory decays rapidly with
time.

63. Conrad, R. & Hull, A. J. Information, acoustic confusion and memory span.
British Journal of Psychology, 1964, 335, 429-432.

Immediately after visual presentation, subjects were required to recall
6-letter sequences., Sequences were drawn from four vocabularies. There were
two 3-letter vocabularies, distinguished by the probability of acoustic confusion with-
in them, and two 9-letter vocabularies similarly distinguished. Memory span is
shown to be effectively independent of information per item, and to depend substan-
tially on the probability of acoustic confusion within vocabularies.

64. Conrad, R. & Hull, A. J. The role of the interpolated task in short-term re-
tention. Quarterly Journal of Experimental Psychology, 1966, 18, 266-269.

It has been proposed that a single set of operations based on classical in-
terference theory is adequate to describe the phenomena of both short- and long-term
memory. An article by Keppel and Underwood (1962) argues that short-term for-
getting is due to proactive interference and, by implication, not a result of trace de-
cay. An experiment which varied retention interval and the nature of the interpolated
task, gave results which indicate that when the amount forgotten and the naturc of
errors are considered, a decay model is supported; the proactive interference sug-
gestion being untenable.

65. Conrad, R. & Huill, A. J. Input modality and the serial position curve in short-
term memory. Psychonomic Science, 1968, 10 (4), 135-136.

Resuits are presented which confirm data already published by Corballis
(1966), and Murray, (1966). These show that when a sequence of letters or digits is
presented for immediate recall, there is a marked difference in the serial position
curve of errors according to whether presentation is auditory or visual. This dif-
ference specifically shows as a virtual absence of recency in the visual presentation
condition.
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66. Corballis, M. C. Rehearsal and decay in short-term serial recall. Unpublished
doctoral dissertation, McGill University, 1965.

The roles of rehearsal and decay in immediate serial recall of digits
were studied by varying temporal factors., Five experiments, involving a total of
198 Ss, are reported.

Experiment I demonstrated that irregular presentation gave better recall
than regular presentation. Experiment II showed that this was probably due to tem-
poral grouping. Experiments Il and IV showed that recall was better if interdigit
intervals were increased within series than if they were decreased within series.
This supported an hypothesis that Ss tend to rehearse early items, as well as later
items, while the later items are being presented. This "cumulative rehearsal" hy-
pothesis was further supported by Experiment V, which showed that recall was im-
paired when Ss vocalized each digit as it was presented, especially when presentation
rate was slow.

The results were interpreted by distinguishing betwcen a rehearsed com-
ponent and an unrehearsed component of short-term memory storage, and assuming
that only the unrehearsed component was subject to autonomous decay.

67. Corballis, M. C. Rehearsal and decay in immediate recall of visually and au-
rally presented items. Canadian Journal of Psychology, 1966, 20, 43-5l.

Immediate recall of 9-digit series was compared under two conditions,
one (Condition I) in which interdigit intervals were short at first but were gradually
increased within series, and one (Condition D) in which intervals were long at first
but gradually decreased. Twenty-four Ss received both conditions in each of two ex-
periments; presentation was visual in the first experiment and aural in the second.
Recall was better for Condition I in Experiment 1 supporting a hypothesis that Ss re-
hearsed cumulatively during visual presentation of digits. Experiment 2 failed to
show any consistent difference between conditions. A recency effect was more marked
for Experiment 2 than for Experiment 1, suggesting that short-term storage of unre-
hearsed digits is more effective in auditory than visual modality, but there was little
evidence within modalities to support decay theory.

68. Corballis, M. C. Memory span as a function of variable presentation speeds and
stimulus durations. Journal of Experimental Psychology, 1966, 71, 461-465.

Digit-span series "ere presented on 3 films, 1to each of 3 groups 20
Ss. In Film 1, presentation speed was varied between series. In Film 2, it was
varied within series as well. In Film 3, it was varied between series only, but de-
gree of variability between series was more extreme than in Films 1or 2. Stimulus
duration was varied in ail 3 films. When stimulus durations were long, number cor-
rect was higher the slower the presentation speed, but when stimulus durations were
short, there was a tendency for this trend to be reversed in Films 1 and 2, though not
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in Film 3. Implications of these findings are discussed.

69. Corballis, M. C, Immediate recall of spoker digits presented three at a time.
Canadian Journal of Psychology, 1967, 21, 416-424.

¥

Spoken digits were presented via three "channels, " created by presenting
the digits through earphones three at a time, ore to each ear and a third to both ears
at once. If Ss received tvio such triplets in succession at a slow presentation rate
(one triplet every 2 sec.), they usually attempted to report the digits in the first trip-
let followed by those in the second, a "temporal” mode of report. But when presen-
tation was fast (one triplet every sec.), the incidence of temporal report decreased
and over-all accuracy of recall declined. "Channel by channel"” report, though often
attempted when presentation was fast, was not an efficient recall strategy.

70. Corballis, M. C. & Loveless, T. The effect of input modality on short-terin re-
call. Psychonomic Science, 1967, 7 (8), 275-276.

Immediate recall of eight visually presented items was better if the first
four vere presented fast and the last four slowly (FS Condition) than if the first four
were slow and the last four fast (SF Condition), supporting an hypothesis that Ss tend
to rehearse cumulatively. Using aural presentation, Schonfield & Donaldson (1966)
have obtained the opposite result, supporting decay theory. These and other results
suggest that rehearsal of serially presented information is more efficient and flexible
when presentation is visual than when it is aural.

71. Corpallis, M. C. & Sampson, H. Scanning and immediate memory in serial
adding. Australian Journal of Psychology, 1963, 15, 99-107.

Performance on a paced serial addition task (PSAT) under variable pacing
and stimulus duration conditions was compared with that on two related tasks, whose
basic operations were respectively integration (in this instance, adding) and immediate
memory, each a component operation of the PSAT, Results showed that none of the
PSAT performance trends appeared on the first of these related tasks, but all were
significant on the second. These support a hypothesis (Sampson, 1958) that the stim-
ulus duration effcct reflects an immediate memory disturbance, and show that the
integration component can account for none of the trends. Consideration of the nature
of the pacing cffect suggested that a central scanning operation may also be important.

72. Corcoran, D. W. J. Recognition of complex sounds over the long and short term.
Journal of Verbal Learning and Verbal Behavior, 1965, 4, 380-385.

A population of cight stimuli was synthesized by dichotomizing three pa-
rameters, pitch (a) interruption rate (b) and amplitude modulation of the interrup-
tion (¢) A single "Target” stimulus (a - b + ¢ +) had to be recognized after training
under five different procedures. Group T had 32 presentations of a +b +¢ + C-,
l6a+b+c+andloba+b+c-; A-, l6at+b+c+andloa -b+c¢ + A-B-C-had 16 a +
b +¢ presentations with loa-b -¢ -, and 1 had l6 a +b + ¢ + with a verbal descrip-
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tion of the parameters. Tests of recognition were conducted aftex' 1 min and 10 days.
Three theories were motched against the data. The most adzquate theory for the
short-term results was not the best explanation of long-term retention and vice versa.

73. Corcoran, D, W, J. & Weening, D. L. Redundancy effects in short-term memory.
The Quarterly Journal of Experimental Psychology, 1967, 19, 309-318.

Five experiments are reported whose purpose was to demonstrate that
short-term memory is improved by redundancy within the material. In Experiment I
“tunes’ containing two, three, four and five tones of differing frequencies had to be
coded into digits 1-5, to indicate the order of the pitches in a tune. Performance on
stimuli containing correlated amplitude and duration were compared with the uni-
dimensional condition. Experiment II repeated I, but required intensity to be coded.
Experiment III required pitch coding under three conditinns including that when am-
plitude and frequency were uncorrelated, and compared the performance of musically
trained subjects with nonmusicians. Experiment IV repeated III, but subjects were
informed of the relation between dimensions. Experiment V involved “shadowing"
the tunes by whistling simultaneously with the stimulus.

It was concluded (a) that intercorrelation improves, but zern correlation
impairs short-term memory; (b) that knowledge of the relation between dimensions
improves performance in the correlated condition, but does not prevent impairment
under zero correlation; and (c) the performance of musically trained subjects exceeds
that of controls and is unaffected by the presence of a correlated or uncorrelated
dimension.

74. Corman, C. D., Bostic, W. D. & Wickens, D. D. The effect of the position of
stimulus cueing on short-term memory. Psychoromic Science, 1966, 6, 305-306.

Ss were presented with two potential items on each of a series of STM
trials. On some trials, Ss knew which item was to be recalled before item presen-
tation; on other trials, they did not. Although the procedure precluded rehearsal,
prior knowledge of which item was to be recalled facilitated that recall. Ss’ reports
indicated this knowledge was utilized through the association of the ta-be -remembered
item with an "encoder."

75. Crannell, C. W. Code learning and color. Journal of Psychology, 1964, 58,
295-299,

Upon exposure of associated pictures of the decorative sticker variety,
four groups of college students learncd to produce letters of the alphabet or numerals
or simple words. Two methods of icarning (whole and part) and two types of pictures
(in full color and in black-and-white) were assigned at random to Ss €0 as to make up
the four groups. Neither method nor code type was found to affect the number of
trials taken in original lcarning nor the amount of recall after three weeks without
intervening practice. The materials tended to be unusually casy to learn and to re-
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tain, and it is suggested that when this is true little is to be gained by the use of
color in the stimulus pattern,

76. Crannell, C. W. & Parrish, J. M. A comparison of immediate memory span
for digits, letters, and words. Journzl of Fsychology, 1957, 44, 319-327.

The immediate memory span was tested for 24 college students with
three types of materials: digits, letters, and real words. The letters and words
were subdivided into two types: limited lists containirg only nine different items
and lists containing any of the 26 letters or entirely different three -letter words.
The lists were presented on a tape recorder and reproduced orally by Ss. The
shortest lists contained four items of the specified type, and the longest 12 items.
For any S testing with any material ceased when four consecutive lists were failed,

The immediate memory span was found to be significantly longer for dig-
its than for letters or words, and the span for letters was found to be significantly
longer than that for words. The cffect of limiting the letter or word lists to a pool of
nine different items was found to be negligible, The results lead to the conclusion that
the number of different stimuli with which S must contend is not a critical factor. The
differences among habits or past expariences with digits, letters, and words appear
to be crucial, but these differences are probably more a matter of the associative
trends fostered by the materials, rather than a matter cf frequency alone.

77. Crawford, J.. Hunt, E., & Peak, G. Inverse forgetting in short-term memory.
Journal of Experimental Psychology, 1966, 72, 415-422.

As a test of short-term memoryv, human Ss were shown a pattern of let-
ters, then asked to recall it. Stimuli were presented for less than 1 sec., while the
retention interval varied from 1to 10 sec. The letter patterns used were either
meaningless, formed words, or formed sentences. There was no intervening activity
during the retention interval. Accuracy of recall was higher at longer retention in-
tervals, in contrast to the usual fall of accuracy with time which is seen when reten-
tion is measured over a period of minutes or longer. Degree of mexningfulness of
the stimuli did affect accuracy of recall, but there was no interaction with the
retention-interval cffect.

78. Crovitz, H, F, & Schiffman, H. R. Visual field and the letter span. Journal of
Experimental Psychology, 1965, 70, 218-223.

Three cxperiments tested the relatjons between monocular or binocular
viewing, visual-field placement of stimuli, and interletter spacing in the distribution
of errors over letter positions in the letter span. Exposure time was 100 msec. The
most important variable in accuracy within the letter span was found to be the relative
location of a letter within the 8-letter line, Errors were fewest for the leftmost lettoe
in the line regardless of variations in absolute retinal locus. These data imply that
experiments on the letter span might better be conceptualized as "memory” studies
than as "perception” studies.,

2
)

seonmit Lo




s’y

é

79. Crowder, R. G. Visual presentation of stimuli in immediate memory. Psy-
chonomic Science, 1966, 6 (10), 449-450.

Stimultaneous (SM) and sequential (SQ) visual presentation of consonant
series varying in length were compared as a function of stimulus duration and presen-
tation rate, respectively. A systematic dependence of recall upon these parameters
was demonstrated for two measures of performance. Second for second, SM presen-
tation was found to be more efficient than SQ.

80. Crowder, R. G, Recipracity of retention and interpolated-task scores in short-
term memory. Perceptual and Motor Skills, 1967, 24, 903-909.

A serial reaction task was used as the interpolated activity in an experi-
ment testing short-term memory (STM) for word strings after 30 sec. Significant
effects of the complexity of each task upon performance of the other were found, viz.,
retention of five -word stimuli led to poorer performance on an interpolated task than
retention of three -word stimuli, and a stimulus-response lag in the reaction task
reduced memory scores. [However, there was not clear evidence for reciprocity of
performance levels from trial to trial within Ss. The recognition that STM experi-
ments employ divided-attention paradigms is potentially important in the interpreta-
tion of proactive inhibition effects,

81, Crowder, R. G. Short-term memory for words with a perceptual-motor inter-
polated activiy. Journal of Verbal Learning and Verbal Behavior, 967, 6,
753-761.

It was maintained that the Brown-Peterson short-term memory (STM) task
bears important similarities to procedures used in the study of division of attention,
since during STM retention intervals there is competition between the tendencies to
rehearse the memory item and to execute the filler activity. It follows that when both
retention and filler-task performance are scored, either or both should be sensitive
to variables known to affect the division of attention, such as task-complexity and
practice. In two experiments recall for 5-word stimuli was tested after 24-scc in-
tervals tilled with a self-paced keypressing task as the interpolated activity, Evidence
for the presence of rehearsal was the finding that keypressing scores were lower on
memory trials than on control trials where no words were recalled. Furthermore,
retention scores were found to be a complex joint function of the S-R compatibility,
coherence (repetitiveness), and prior practice on the keypressing activity. The con-
clusions were that rehearsal is objectively demonstrable in STM, that its extent may
be controlicd by variation of the filler task, and that the relationships revealed by
such variation are consistent with the experimental literature on divided attention,
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82. Crowder, G. & Melton, W, The Ranschburg Phenomenon: Failures of immediate
recall correlated with repetition of elements within a stimulus. Psychonomic
Science, 1965, 2, 295-296.

Seven-consonant stimuli were recalled immediately. When the consonant
in Position 2 was repeated in Position 5,6, or 7, an increase in errors occurred at
the latter position, as compared with control stimuli involving no repetition. Con-
firmation of the Ranschburg Phenomenon does not occur, however, when the repeated-
element positions are 2 and 4. Nor was there an increased error rate for elements
following a repeated element. These observations support the importance of intra-
stimulus interference in immediate memory, but leave uncertain the associative
mechanism responsible for sucii interference.
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83. Dainoff, M. & Habcr, R. N. How much help do repeated presentations give to
recognition processes? Perception and Psychophysics, 1967, 2, 131-136.

A recent experiment by Haber and Hershenson (1965) had shown that in a
recognition task one long look at a stimulus was always superior to two or more
shorter looks summing to the same total presentation time. In order to explore this
more fully and to account for opposite results in a different type of recognition task,
as well as in a serial learning task, an improved replication of the earlier study was
carried out using very short durations and single letters as stimuli., The same non-
reciprocity was found, again strongly favoring duration over repetition as a deter-
minant of clarity of a percept, even though repetition alone was also shown to be a
significant independent variable. As a subsidiary finding, an error analysis showed
that when a letter was misnamed it was nearly always confused with one that looked
like it rather than ore that sounded like it. Some discussion was offered as to the
role of an auditory information storage in low memory load tasks such as this one,
as well as some general implications for information processing analyses of the non-
seciprocity of duration and repetition.

84. Dale, H. C. A. When recognition is no better than recall. Nature, 1966, 211, 324,

85. Dale, H. C. A. Response availability and short-term memory. Journal of Verbal
Learning and Verbal Behavior, 1967, 6, 47-48.

Response availability within a single category was assessed by asking Ss
to enumerate the complete category. Ten stimuli were then picked at roughly equal
steps along the availability scale. These were used in an immediate free -recall ex-
periment with new Ss. Recall was found to be correlated with availability, the most
readily available items being recalled best,

86. Dale, H, C. A. & Gregory, M. Evidence of semantic coding in short-term
memory. Psychonomic Science, 1966, 5. 75-76.

Aneffect of semantic similarity in short-term memory was demonstrated
and was compared with the cffect of acoustic similarity. In recall, using the RI para-
digm, semantic similarity between OL and IL increased intrusions {rom IL, but de-
creased omissions. By contrast, acoustic similarity caused both IL - intrusions and
omissions to increase.
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87. Dallett, K. M. Effects of a redundant prefix on immediate recall. Journal of
Experimental Psychology, 1964, 67, 296-298.

Ss were presented with strings of 7 or 8 digits immediate recal!l. 5 con-
ditions were compared: 7 random digits, 8 random digits, 7 digits to which S was
requived to add a redundant O prefix in recall, 8 digits including a redundant 0 prefix,
and 8 qigits including a redundant prefix which S was required to omit in recall. The
prefix was redundant in the sense that S was advised in advance of its presence and
advised that it would appear with 10 successive digit strings. Recall of 7 random
digits was superior to all other conditions, which did not differ among themselves.

88. Dallett, K. M. Intelligibility and short-term memory in the repetition of digit
strings. Journal of Speech and Hearing Research, 1964, 7, 362-348.

Twenty -cight normal subjects heard seven digits masked by noise, and
repeated either (a) the first three digits, (b) the last three digits, (c) all seven digits,
or (d) all seven digits after saying "zero."” Over the range of intelligibility tested
(approximately 60% to 100%), accuracy of seven-digit repetition improves linearly as
accuracy of three -digit repetition improves, with the average slope being near 1.00.
These data were interpreted to mean that the decrement in intelligibilit; that results
from masking is accompanied by ar added decrement in short-term memory.

89. Dallett, K. M. "Primary memory": The effects of redundancy upon digit
repetition. Psychonomic Science, 1965, 3, 237-238.

Ss tried to repeat series of 8 digits immediately after hearing them.
Each series of digits had a predictable digit (a zero) in a known location, and Ss
were told to omit this digit. Performance in this task is similar to the performance
obtained in repetition of 8 non-redundant digits, although if the redundant element is
near the center of the series, Ss can improve their recall of the other digits. Digit
recall seems to be largely, but not entirely, a matter of "primary memory, " which
involves a more or less faithful unrecoded replica of stimulus input.

90. Dalrymple-Alford, E. (.. Repetition and immediate riemory. The British
Journal of Psychology, 1967, 58. 63-67.

Subjects were presented with digit -combinations one digit at a time, in
such a manner that cach succeeding digit was presented only after 21l the preceding
digits had been repeated by the subject in correct order. The number of digits the
subjects could ‘carry’ in general did not differ from their memory spans. This
together with the distribution of serial positions at which repeiition broke down is
taken as evidence for the view that repetition restores but does oot further strengthen
MemMory traces,
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91. Davis, R., Sutherland, N. S. & Judd, B. R. Information content in recognition
and recall. Journal of Experimental Psychology, 1961, 61, 422-429.

In previous experiments on recognition and recall, there has been no
clear limit to the number of alternatives from which Ss were selecting in recall: the
superiority of recall over recogniticn normally found may be due to selection being
made from a larger ensemble in recall than in recognition. The present experiment
was designed to test the hypotbesis that the amount of information conveyed in recog-
nition is the same as that in recall. The Ss were given one presentation of lists of
15 two-digit numbers and 15 two-letter syllables and then asked to recall or recognize
symbols from the list presented. Each S served in four conditions: recognition out
of a list of 30, recognition out of 60, recognition out of 90, and recali i»m an ensem-
ble of 90, Perfocrmance scores were transformed into a measure of the amount of
information transmitted per S under each condition. It was found that at least as
much information was transmitted in recall as in recognition and that the amount of
information transmitted in the recognition condition tended to increase as the number
of alternatives from which selection was made increased.

92. Deese, J. Influence of inter-item associative strength upon free recall. Psy-
chological Reports, 1959, 5, 305, 312.

Lists consisting of 15 words each were presented to Ss for immediate
free recall. For each of the 18 lists a measure of inter-item associative strength
was obtained; this consisted of the average relative frequency witl: which all items
in a list tend to elicit all other items on the list as free associates, Inter-item
associative strength was positively correlated (.88) with the number of words recalled
per list, negatively correlated (-.48) with th~ number of extra-list intrusions in re-
call, and positively correlated (.55) with tlic commonality of the extra-list i~trusions
that did occur. In general, these results are consistent with an interpretation of
free recall in terms of free association. Free association, as it occurs in recall,
is probably a direct, unmediated activity with little or no active editing of the material
being recalled. The data ¢n intrusions from the present experiment are consistent
with the assumption of lack of editing. The fact that Ss in the present experiment
gave no evidence of using an extra-list associative mnemenic device made available
to them suggests that the free association from item to item in recall is not the re-
sult of Ss' instructing themselves to free associate in order to increase recall.

93. Deese, J. Frequencv of usage and number of words in free recall: The role
of association. Psychological Reports, 1960, 7, 337-544.

The present experiment reports data on number of words correctly re-
called after onc presentation of lists varying in (a) {requency of usage of the words
in the lists and (b) number of words presented for recall in any given list.  The mean
number of words recalled increases both with frequency of usage and list length: there
is also an interaction between frequency and Uist length such that recall for high fre-
quency long lists is disproportionately higher than for low frequency long lists, The
words used in the present experiment were <hosen at random, with only the restrictions
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of frequency of usage and list length. Nevertheless, it was discovered that certain
of the lists contained words : :sociatively related to one another. An index of the
average tendency for all words in each list to be elicited as associates by all other
i words in that list was computed. This index of inter -word association was larger

% wui: randomly selected high frequency lists than with low frequency lists and with
longer than with shorter lists. Evidence was produced which tended to support the
% hypotheses that variation in free recall scores with frequency was largely the result
j
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of differences between frequencies in inter -word associations, and that the inter-
action between list length and frequency on free recall was likewise largely the effect
of inter-word association.
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94, Deese, J. & Kafman,.R. A. Serial effects in recall of unorganized and sequen- !
tially organized verbal material. Journal of Experimental Psycholugy, 1957, 54,
180-187.

: The results of two experiments on the immediate recall of verbal material
are presented. For lists of words in which there is no sequential association between :
adjacent words (randomly arranged lists), Ss recall the individual items in order of

their probability of being recailed. For these kinds of lists, the last items are re-

called most frequently, the first items next most frequently, and the middle items

least frequently. For passages of connected discourse, the order of recall is in the

order with which the material is presented, and the serial position curve of frequency

of recall is like that obtained by the method of serial anticipation with nonsense mate -

rial (and roughly the mirror image of that obtained with free recall of nonsense mate -

rial). It is probably that the serial positicn curve cbtained with textual material de-

pends upon the serial order of emission during recall. It was demonstrated by the

use of the orders of approximation to textual English devised by Miller and Selfridge

(3) that increasing the sequential dependency from zero to that characteristic of tex-

tual English changes the order and frequency of recall from those characteristic of

free recall of disconnected material to those characteristic of serial anticipation.

Thus, recall of sequentially dependent material involves more than the organization

of words into larger gr-ups, it also involves the reorganization of the patterms of

emission of responses and changing the relative frequency with which items jn vari-

ous positions are recalled.

95. Derks, P. L. & Freeman, L. Recall of simultaneously and successively pre -
sented information. Pswchonomic Science, 1966, 5(2), 51-52.

In order to examine the reported similarity in error distribution for re-
call of successively and simultaneously presented material, the two conditions were
compared vnder total and partial report :rocedures. However, in this study, omis-
sion errors were predominately at the i “oat of the list for successive presentation
and to the right for simultaneous presentation with both report procedures. Further
investigation of successiv * presentation total report showed mislocation errors shifted
toward the rear of the list relative to omission errors. These results lend some
support to descriptions 3 memosy which include a "reception” stage and an "organi-
zation" stage. The s